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opathic epiretinal membrane (ERM).

Design: Retrospective consecutive cohort analysis.

rence (p <0.05).

Purpose: To evaluate the necessity and safety of primary posterior capsulotomy during phaco-vitrectomy for idi-

Setting: Seoul National University Bundang Hospital, Seongnam, Korea.

Methods: This study enrolled 219 patients (228 eyes) who underwent combined 25-gauge phaco-vitrectomy for
idiopathic ERM and cataract, divided into capsulotomy (—) group (152 eyes, 144 patients) and capsulotomy (+) group
(76 eyes, 75 patients). The main outcomes were rate of posterior capsular opacity (PCO) occurrence and postoperative
complications. Ophthalmic examinations were performed at baseline, 1, 3, 6, and 12 months postoperatively.

Results: PCO only occurred in capsulotomy (—) group (20 eyes, 13.2%), with mean onset of 10.59 months. Visually-
significant PCO that needed Nd:YAG posterior capsulotomy was present in 9 eyes (45.0% of PCO eyes). The rate of
cystoid macular edema (CME) was higher in capsulotomy (+) group (6.6% vs. 15.8%, p = 0.026) with longer duration
(1.50 vs. 3.36 months, p =0.019). Female sex and posterior capsulotomy were significant risk factors for CME occur-

Conclusion: Primary posterior capsulotomy during phaco-vitrectomy for idiopathic ERM obviated the need for
Nd:YAG posterior capsulotomy, but visually-significant PCO that needed Nd:YAG laser was not common. Considering
the low rate of visually-significant PCO and high rate of postoperative CME, routine posterior capsulotomy during
phaco-vitrectomy may not be necessary for preventing PCO in ERM.
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Introduction

Epiretinal membrane (ERM) is a common retinal disor-
der in older individuals characterized by fibroglial cellu-
lar proliferation on the inner surface of macula [1]. The
formation of ERM formation is regulated by extracellu-
lar matrix, cytokines, growth factors, and miRNAs [2, 3].
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The contractile membrane can cause distortion of fovea,
thus leads to decreased and distorted vision [4]. Surgical
treatment of membrane peeling shows improved visual
acuity and metamorphopsia [5-7].

The combined surgery of pars plana vitrectomy (PPV)
with phacoemulsification and intraocular lens (IOL)
implantation is widely used for various vitreoretinal dis-
eases, including ERM, co-existing with cataract [8, 9].
The phaco-vitrectomy procedure allows cost-effectivity
and faster recovery, [10] with low complication rate
[11]. However, previous studies have shown a possible
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occurrence of posterior capsular opacity (PCO) as the
most common postoperative complication [12, 13].

Gimbel in 1990 first suggested posterior continuous
curvilinear capsulorrhexis (PCCC) for posterior capsule
opacities or tears during adult cataract extraction [14].
It involves removal of the central part of the posterior
capsule to prevent equatorial lens epithelial cell (LEC)
migration and formation of PCO, and has been utilized
as a primary planned procedure for the prevention of
PCO formation in adults [15, 16]. The PCCC procedure
eradicates the need for Neodymium:yttrium aluminum
garnet (Nd:YAG) laser capsulotomy, that is associated
with numerous complications including retinal tears, IOL
damage, cystoid macular edema (CME), anterior hyaloid
opacity, inflammation, and increased intraocular pres-
sure (IOP) [17-19].

Recently, posterior capsulotomy during phaco-vitrec-
tomy using a vitreous cutter, employing the pars plana
approach, was reported to be a simple procedure without
a steep learning curve, unlike PCCC [20-22]. Previous
studies have shown excellent efficacy of posterior capsu-
lotomy, but the subjects either had heterogenous retinal
disease [20, 21] or rhegmatogenous retinal detachment
with a high risk of postoperative PCO [22]. Additionally,
in the pseudophakic cases with preoperative PCO, pri-
mary posterior capsulotomy can be adopted to enhance
the intraoperative visualization of the retina. However,
studies evaluating posterior capsulotomy during macular
surgery are lacking. Furthermore, studies reporting the
safety of posterior capsulotomy are scarce in the litera-
ture, [20, 22] thereby necessitating quantitative evalua-
tion of the safety of posterior capsulotomy.

The purpose of the present study was to evaluate the
efficacy and safety of primary posterior capsulotomy dur-
ing 25-gauge phaco-vitrectomy for idiopathic epiretinal
membrane (ERM).

Materials and methods

Design and patients

In this retrospective cohort study, the medical records
of all consecutive patients who visited the retina clinic
at the Department of Ophthalmology of Seoul National
University Bundang Hospital with idiopathic ERM and
co-existing cataract, and underwent combined 25-gauge
phaco-vitrectomy between January 2015 and June 2019
were reviewed. Only patients followed-up for at least
6 months after the surgery were included. The following
were the exclusion criteria: secondary ERM, combined
phaco-vitrectomy for co-existing macular disease other
than idiopathic ERM, including macular hole, vitreo-
macular traction, and myopic tractional maculopathy,
previous intraocular surgery, any complications during
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cataract extraction, utilization of intraocular tamponade
during surgery, and re-operation during study period.

Surgical technique and patient grouping

Two expert surgeons (K.H.P, S.J.W.) performed the sur-
geries, and only S.J.W. conducted primary posterior cap-
sulotomy according his preference. Cataract extraction
was performed by phacoemulsification with posterior
chamber IOL implantation via a clear corneal incision,
followed by a 25-gauge PPV with the Constellation
Vision System (Alcon Laboratories, Inc., Fort Worth,
TX). Posterior vitreous detachment was induced by
active suction using an ocutome, if not already present.
Complete removal of the posterior hyaloid was done. The
ERM and internal limiting membrane (ILM) were peeled
with microforceps. Of note, the ILM peeling was assisted
with the use of triamcinolone (TA) (MaQaid, Waka-
moto Pharmaceutical Co., Ltd., Tokyo, Japan) in cases
performed by the surgeon K.H.P, or indocyanine green
(ICG) (Diagnogreen, Daiichi-Sankyo Pharma, Tokyo,
Japan) 0.125% (1.25mg/mL) in cases performed by the
other surgeon, S.J.W. After the membrane peeling, lim-
ited partial peripheral vitrectomy was performed without
vitreous base shaving. None of the cases utilized intraoc-
ular tamponade agents or intraocular injections.

At the end of the surgery, one surgeon (S.].W.) removed
the posterior capsule using a vitreous cutter by the pars
plana approach. A well-centered posterior capsulotomy
measuring 4—-5mm in diameter was made in a centrifu-
gal, circular manner (Fig. 1). The patients were grouped
into capsulotomy (—) group and capsulotomy (+) groups.
Trocars were removed afterward. Postoperative intra-
venous NSAIDS was given when needed. Patients were
treated postoperatively with topical levofloxacin 0.5% 4
times a day, topical prednisolone 1% 4 times a day and
maintained the eye drops for 1 month.

Patient evaluation

We performed baseline preoperative examinations
including the slit-lamp examination, fundoscopy, best-
corrected visual acuity (BCVA) measured in decimals,
IOP measurement by a noncontact tonometer (KT-
800; KOWA, Tokyo, Japan), color fundus photography
(VX-10a; KOWA, Tokyo, Japan), and optical coherence
tomography (OCT, Spectralis; Heidelberg Engineer-
ing, Heidelberg, Germany). After undergoing phaco-
vitrectomy, the patients visited the clinic at 1, 3, 6, and
12 months postoperatively. At each visit, complete oph-
thalmic examinations as those done at baseline were per-
formed. The decimal visual acuities were converted into
the logarithm of the minimum angle of resolution (Log-
MAR) unit for arithmetical comparisons. The extent of
preoperative ERM was staged using the staging scheme
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Fig. 1 Primary posterior capsulotomy was performed in a sequential manner (A to D) during phaco-vitrectomy. Consequently, a 4-5mm wide,
well-centered posterior capsulotomy site was created

proposed by Govetto et al., based on OCT findings [23]. CME was defined as newly presented cystic spaces in the
PCO occurrence was checked by slit-lamp examina- outer plexiform and inner nuclear layer of the retina on
tion, and Nd:YAG posterior capsulotomy was performed  postoperative OCT. Representative case of postopera-
using an ophthalmic YAG photodisruptor laser (Aura tive CME were presented (Fig. 2). Central macular thick-
PT; Lumenis, Inc., Santa Clara, CA). The occurrence of ness (CMT) was defined as the thickness between inner
postoperative CME was evaluated by OCT at each visit.  surface of retina and the outer boundary of the retinal

postoperative horizontal scan optical coherent tomography images (left column) and infrared imaging (right column) centered at the fovea was
presented. A 59-year-old female patient received epiretinal membrane removal with primary posterior capsulotomy. After 1 month postoperatively,
cystoid macular edema occurred and the patient was treated with topical bromfenac 0.1% twice a day. After 1 month of the treatment, the macular
edema was resolved
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pigment epithelium at the fovea, and was measured man-
ually using the calipers provided by the Spectralis Heidel-
berg software during the horizontal macular scan of the
foveal center. ERM recurrence was defined as recurrence
of the membrane that had been removed at surgery or
regrowth of the residual ERM, and evaluated by postop-
erative fundus examination or fundus photography.

Outcome measures

The main outcomes were the rate of posterior capsu-
lar opacity (PCO) occurrence and postoperative com-
plications, including postoperative inflammation until
3months, corneal edema, IOP increase above 30 mmHg
at 1 month, IOL-related complications, anterior capsu-
lar phimosis, CME, postoperative retinal breaks, and
ERM recurrence. Visual and structural surgical out-
comes between groups were compared in the forms of
postoperative BCVA and CMT changes from baseline
measurements.

Statistical analysis

All analyses were performed using a statistical software,
SPSS for Windows Version 25.0 (IBM Corp., Armonk,
NY, USA). A p-value less than 0.05 was considered sta-
tistically significant. The chi-square test was conducted
to compare categorical variables between groups. Con-
tinuous variables including BCVA change and CMT
change from baseline were compared with independent
t-tests. The correlation between CME and other post-
operative complications were evaluated by Spearman
correlation analysis. Multivariate logistic regression anal-
ysis was employed to determine the associations of the

Table 1 Demographic and preoperative characteristics of patients
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demographic, preoperative, and operative variables with
the occurrence of CME.

Results

A total of 347 consecutive eyes of 335 patients who
underwent combined 25-gauge phaco-vitrectomy for
ERM and co-existing cataract were identified. From this
cohort, patients were excluded according to the exclu-
sion criteria as follows: secondary ERM (34 eyes of 33
patients), combined phaco-vitrectomy for other co-
existing maculopathy than ERM (14 eyes of 14 patients),
utilization of intraocular tamponade during surgery (4
eyes in 4 patients; 1 intravitreal gas injection, 3 air injec-
tions), re-operation within the study period (1 eye with
macular hole occurrence), and lost to follow-up within
6 months (66 eyes of 64 patients). Consequently, 152 eyes
of 144 subjects in the capsulotomy (—) group and 76 eyes
of 75 subjects in the capsulotomy (+) group were finally
included in the analysis.

The demographic characteristics of subjects and pre-
operative ERM evaluation were compiled in Table 1.
The mean age of the subjects was 67.45+6.60years in
the capsulotomy (—) group, and 65.68 +6.95years in the
capsulotomy (+4) group (p =0.062, independent t-test).
Female patients were more frequent in the capsulotomy
(—) group than capsulotomy (+) group (71.7% in capsu-
lotomy (=) group vs 57.9% in capsulotomy (4) group,
p =0.036, pearson chi-square test). The mean follow-
up duration was 11.41+1.80months in capsulotomy
(—) group and 10.97+2.27 months in capsulotomy (+)
group (p =0.118, independent t-test). The ERM stage did
not differ between two groups (p =0.124, independent
t-test), but baseline CMT was significantly thicker in the

Characteristics Capsulotomy (—) group (n =152)  Capsulotomy (+) group (1 =76) P value
Age (years), mean=+SD 67.45+6.60 65.68+6.95 0.062*
Sex (female), n (%) 109 (71.7%) 44 (57.9%) 0.036"
DM, n (%) 20 (13.2%) 11 (14.5%) 0.785"
HTN, n (%) 58 (38.2%) 25 (32.9%) 0436"
Follow-up duration (months), mean +SD 1141+£1.80 1097 £2.27 0.118*
ERM stage, n (%) 0.124"

Stage 1 34 (22.4%) 9(11.8%)

Stage 2 32 (21.1%) 12 (15.8%)

Stage 3 60 (39.5%) 38 (50.0%)

Stage 4 26 (17.1%) 17 (22.4%)
Baseline BCVA (logMAR), mean £ SD 0.308+£0.204 0.344+0.229 0.233*
Baseline CMT (um), mean £ SD 412.75+11248 483.374+100.59 0.000*

DM Diabetes mellitus, HTN Hypertension, ERM Epiretinal membrane, BCVA Best-corrected visual acuity, logMAR Logarithm of the minimum angle of resolution, CMT

Central macular thickness

*: Independent t-test, t: Pearson chi-square test
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capsulotomy (+) group (p =0.000, independent t-test).
Baseline visual acuities (logMAR) were not different
between the groups (p =0.233, independent t-test).

Postoperative incidence of posterior capsular opacity

PCO was only reported in the capsulotomy (—) group
(20 eyes, 13.2%, p =0.001, pearson chi-square test). The
mean onset of PCO was 10.59 £ 2.88 months, and visu-
ally-significant PCO needing Nd:YAG posterior capsul-
otomy was found in 9 eyes (45.0% of PCO eyes, 5.9% of
total eyes) (Table 2). The Kaplan-Meier survival curve
was plotted to show the cumulative probability of sur-
vival without PCO occurrence in the capsulotomy (—)
group (Fig. 3).

Postoperative complications

The postoperative complications seen in both groups
are presented in Table 2. The incidence of postopera-
tive inflammation until 3 months, and transient corneal
edema and postoperative IOP increase at 1 month did
not differ significantly between the groups (p >0.05,
pearson chi-square test). IOL-related complications
such as IOL decentration, IOL tilt, and dislocation did
not occur. Anterior capsular phimosis was noted in 1
eye in the capsulotomy (—) group (0.7%) and 2 eyes
in the capsulotomy (+) group (2.6%) (p =0.218, pear-
son chi-square test), both whom underwent Nd:YAG
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anterior capsular contracture lysis. The postopera-
tive incidence of CME was significantly higher in the
capsulotomy (+) group than in the capsulotomy (—)
group (6.6% in capsulotomy (—) group vs 15.8% in
capsulotomy (+) group, p =0.026, pearson chi-square
test). While the mean onset of CME was not different
between the groups (p =0.374), the duration of CME
was significantly longer in the capsulotomy (+) group
(3.36 = 2.20 months) than in the capsulotomy (—) group
(1.50£0.71 months) (p =0.019, independent t-test).
The treatment for CME in each group was not signifi-
cantly different between groups. For eye drops, topical
NSAIDS and/or steroid were prescribed, which include
bromfenac 0.1%, fluorometholone 0.1%, loteprednol
0.5%, and prednisolone 0.1%. Incidences of postopera-
tive peripheral retinal breaks and ERM recurrence were
not different between the groups (p >0.05, pearson chi-
square test). Mild vitreous hemorrhage was noted in 1
eye at 1 month postoperatively in the capsulotomy (+)
group.

We evaluated the risk factors for postoperative CME
occurrence with multivariate logistic regression analy-
sis (Table 3). Female sex (Odds ratio [OR] 4.177, 95%
confidence interval [CI] 1.167-14.945, p =0.028, mul-
tivariate logistic regression) and posterior capsulotomy
during phaco-vitrectomy (OR 3.200, 95% CI 1.284—
7.973, p =0.013, multivariate logistic regression) were

Table 2 Posterior capsular opacity and postoperative complications after phaco-vitrectomy for Idiopathic epiretinal membrane

Capsulotomy (—) group (n =152)  Capsulotomy (+) group (n =76) P value
PCO, n (%) 20 (13.2%) 0 0.001*
Onset (months), mean +SD 10.59+2.88 0
Nd:YAG posterior capsulotomy, n (%) 9 (45.0%) 0
Anterior chamber inflammation, n (%) 4 (2.6%) 1(1.3%) 0.522*
Corneal edema, n (%) 2 (1.3%) 3(3.9%) 0.201*
IOP increase, n (%) 1 (0.7%) 0 0.479*
IOL decenter, tilt or dislocation, n (%) 0 0
Anterior capsular phimosis, n (%) 1 (0.7%) 2 (2.6%) 0.218*
CME, n (%) 10 (6.6%) 12 (15.8%) 0.026*
Onset (months), mean £ SD 140 1174057 0.374"
Duration (months), mean+SD 1.50+£0.71 336+£2.20 0.019"
Treatment, n (%) 0.130*
Observation 0 3 (25.0%)
Topical eye drops 10 (100%) 8 (66.7%)
Intravitreal TA injection 0 1(8.3%)
Postoperative retinal breaks, n (%) 2 (1.3%) 0 0.315%
ERM recurrence, n (%) 26 (17.1%) 12 (15.8%) 0.802*
Onset (months), mean+SD 5.81£4.30 6.67 £4.33 0.571"

PCO Posterior capsular opacity, Nd:YAG Neodymium:yttrium aluminum garnet, /OP Intraocular pressure, IOL Intraocular lens, CME Cystoid macular edema, TA

Triamcinolone, ERM Epiretinal membrane
*: Pearson chi-square test, 1: Independent t-test
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found to be independent risk factors for CME occur-
rence after ERM surgery.

Changes of BCVA and CMT from baseline measures

Both groups showed better postoperative visual acui-
ties and thinner CMT compared to baseline VA and
CMT (p <0.05, independent t-test) (Table 4). BCVA
and CMT change from baseline at all postoperative fol-
low-up periods were not significantly different between
the groups (p >0.05, independent t-test, Fig. 4).

Table 3 Multivariate logistic regression analysis of factors
associated with incidence of cystoid macular edema after
epiretinal membrane surgery

Factor Odds ratio 95% Confidence P value
Interval
Age (years) 0.986 (0911, 1.065) 0402
Sex (female) 4177 (1.167, 14.945) 0.028
DM 0.880 (0.168,4.611) 0.656
HTN 0.909 (0.325, 2.545) 0.675
ERM stage 0.505
Stage | (reference)  1.000
Stagell 6.741 (0.785,57.895) 0.595
Stage lll 5436 (0.616,47.959) 0.752
Stage IV 14.443 (1.039, 200.855) 0.296
Baseline BCVA (log- 0.343 (0.028,4.170) 0.408
MAR)
Baseline CMT (um) 0.995 (0.988, 1.002) 0.964
Posterior capsul- 3.200 (1.284,7.973) 0.013

otomy

DM Diabetes mellitus, HTN Hypertension, ERM Epiretinal membrane, BCVA Best-
corrected visual acuity, logMAR Logarithm of the minimum angle of resolution,
CMT Central macular thickness

Discussion

In our study, the rate of PCO in eyes without primary
posterior capsulotomy was 13.2%, and Nd:YAG laser
was performed in less than half of these eyes (45.0%)
for vision-disturbing PCO. Previous studies with a simi-
lar setting of combined phaco-vitrectomy reported a
PCO rate of 12.5 to 28.4%, [24—26] though the follow-up
durations were variable. Long-term evaluation of PCO
formation after phaco-vitrectomy is lacking in the lit-
erature; however, based on the results of a United King-
dom-based study with a large sample size that showed a
gradual increase in PCO incidence (4.7-6.3% at 3years)
and Nd:YAG capsulotomy incidence (2.4—4.4% at 3 years)
after cataract surgery, [27] we could infer that visually-
significant PCO after phaco-vitrectomy would not be
high when patients were followed up for longer periods.
Though cautious interpretation is needed as the PCO
rate is higher in patients undergoing combined surgery
than in patients who undergo cataract surgery alone, [12]
the low incidence of visually-significant PCO poses a
question as to the necessity of routine primary posterior
capsulotomy during phaco-vitrectomy.

Furthermore, there were no differences in the overall
surgical outcomes between the groups. In other words,
routine posterior capsulotomy during phaco-vitrectomy
did not demonstrate any advantage in terms of visual and
structural outcomes during the study period.

As for postoperative complications, posterior capsu-
lotomy did not increase the incidence of postoperative
inflammation, corneal edema, IOP increase, IOL sub-
luxation or dislocation, postoperative retinal breaks, and
ERM recurrence. However, the rate of CME was signifi-
cantly higher in the capsulotomy (+) group (15.8%) than
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Table 4 Postoperative changes of best-corrected visual acuity and central macular thickness from baseline evaluation
Capsulotomy (—) group (n =152) Capsulotomy (+) group (n =76) P value*

BCVA change from baseline

1 month, mean+SD —0.1274£0.236 (n=152) —0.089£0.245 (n=76) 0.266

3 months, mean+SD —0.19340.209 (n =125) —0.18640.285 (h =49) 0.841

6 months, mean £+ SD —0.199+£0.199 (n =126) —0.183£0.229 (n =43) 0.661

12months, mean +=SD —0.22940.190 (n =137) —0.2454+0.211 (h =63) 0.588
CMT change from Baseline

1 month, mean+SD —33954+91.74 (n=151) —22.54£85.66 (n="76) 0.367

3months, mean+SD —5750£91.63 (h=126) —57224+104.12 (n=49) 0.986

6 months, mean £+ SD —71.11£93.75(n=125) —70.23£113.24 (n=43) 0.960

12months, mean+SD —85.42£109.01 (n =138) —96.08+101.48 (n=63) 0512

BCVA Best-corrected visual acuity, CMT Central macular thickness

*:Independent t-test
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0.14 + _ -A- Capsulotomy (+) group
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Fig.4 A Postoperative changes in the best-corrected visual acuity from baseline. B Postoperative changes in the central macular thickness from
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in the capsulotomy (—) group (6.6%). All eyes with CME
in the capsulotomy (—) group received topical eye drops,
whereas three eyes (27.3%) in the capsulotomy (+) group
were merely observed without medication, depending on
the severity of CME. When comparing CME eyes treated
with topical eye drops, the CME duration was signifi-
cantly longer in the capsulotomy (+) group (10 eyes,
3.38 £2.39 months) than the capsulotomy (—) group (8
eyes, 1.50+0.71months) (p =0.030). Therefore, clini-
cians need to be cautious about the higher rate of CME
incidence and longer duration of CME when planning
primary posterior capsulotomy.

Postoperative pseudophakic CME is a well-known
manifestation of cataract extraction, and it is thought
to be associated with multiple factors including
inflammatory components and blood-aqueous barrier

breakdown [28, 29]. Posterior capsulotomy during
phaco-vitrectomy removes the posterior capsule, ante-
rior hyaloid membrane, and the connecting structure
between the vitreous gel and posterior capsule, known
as Weigert’s ligament, thus making a passage between
the posterior chamber and vitreous cavity. Cytokines
released by the LECs could be readily transmitted to
the vitreous cavity, thereby contributing to the forma-
tion of CME [30]. The authors speculate that the pro-
longed duration of CME after posterior capsulotomy is
possibly due to the communication between the vitre-
ous cavity and posterior chamber that remains patent
until the posterior capsular circular opening becomes
fused with posterior surface of the IOL optic.

In our study, posterior capsulotomy during phaco-
vitrectomy and female sex were the independent risk
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factors for the development of CME after ERM surgery
on multivariate logistic analysis. Several previous stud-
ies have evaluated risk factors for postoperative CME in
the setting of vitrectomy with or without combined cata-
ract surgery for the treatment of idiopathic ERM, [31, 32]
however, none have shown a significant sex disparity, in
contrast to the results of the present study. We contem-
plate that the sex disparity of CME occurrence is possibly
due to the different sexual hormonal concentrations or
anatomical difference of foveal structure [33-35]. Since
studies evaluating CME occurrence after phaco-vitrec-
tomy alone are lacking, the findings of the present single
study need to be confirmed with future studies.

Meanwhile, other studies have reported the occurrence
of postoperative retro-optical opacification with primary
posterior capsulotomy, possibly due to the proliferation
of LECs on the lens’ posterior surface, [36, 37] though we
couldn’t find any case until postoperative 12 months.

This study has several limitations. First, as a retrospec-
tive consecutive study, demographic variables such as sex
and preoperative baseline CMT were significantly differ-
ent between the groups. Another drawback of this study
was that the surgeries in each group were performed by a
different surgeon; and ILM peeling was assisted by either
TA or ICG. After the application of TA into the vitreous
cavity, the majority of triamcinolone particles would be
removed along with the vitreous gel by vitrectomy, but
some particles could have been deposited on the reti-
nal surface or remnant vitreous base, thereby protecting
against CME occurrence in the capsulotomy (—) group.
However, the authors contemplate that the difference
between groups would be minimal, because the surgeon
of the capsulotomy (4) group also used TA for the vis-
ualization of vitreous fibers, [38, 39] and both surgeons
meticulously removed the remnant TA to avoid postop-
erative IOP increase. Lastly, the mean follow-up period of
the present study was 11.26 months in total patients, and
long-term occurrence of PCO could not be investigated
in the study. Further long-term, prospective randomized
trials should be conducted to elucidate the results of the
present study.

In conclusion, primary posterior capsulotomy dur-
ing phaco-vitrectomy for idiopathic ERM could eradi-
cate the need for Nd:YAG posterior capsulotomy, but
visually-significant PCO that needed Nd:YAG posterior
capsulotomy was not common during the postoperative
follow-up period (5.9%). The rate of CME occurrence was
higher and CME lasted longer in patients who under-
went posterior capsulotomy. Primary posterior capsu-
lotomy did not show any advantages in terms of visual
and structural surgical outcomes during the study period.
Considering the low rate of visually-significant PCO and
possible CME after posterior capsulotomy, posterior
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capsulotomy during phaco-vitrectomy may not be neces-
sary during the vitrectomy procedure.

Authors’ contributions

KWJ and KHP designed the study. KHP and SJW performed surgeries. KWJ
collected and analyzed all data. KWJ, KHP and SJW interpreted the data. KWJ
drafted the manuscript. KHP and SJW reviewed the manuscript. All authors
read and approved the final manuscript.

Funding

This study was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korean government (MSIP) (No. 2020R1A2C201118911).
The funding organization had no role in the design or conduct of this study.

Availability of data and materials
The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study adhered to the tenets of the Declaration of Helsinki, and approval
from the Institutional Review Board (IRB) of the Seoul National University
Bundang Hospital (IRB No. B-2009/639-101) was obtained. Informed consent
was waived due to the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 27 August 2021 Accepted: 17 December 2021
Published online: 03 January 2022

References

1. Fraser-Bell S, Guzowski M, Rochtchina E, Wang JJ, Mitchell P. Five-year
cumulative incidence and progression of epiretinal membranes: the Blue
Mountains eye study. Ophthalmology. 2003;110(1):34-40.

2. Russo A, Ragusa M, Barbagallo C, Longo A, Avitabile T, Uva MG, et al. miR-
NAs in the vitreous humor of patients affected by idiopathic epiretinal
membrane and macular hole. PLoS One. 2017;12(3):e0174297.

3. lannetti L, Accorinti M, Malagola R, Bozzoni-Pantaleoni F, Da Dalt S,
Nicoletti F, et al. Role of the intravitreal growth factors in the patho-
genesis of idiopathic epiretinal membrane. Invest Ophthalmol Vis Sci.
2011;52(8):5786-9.

4. Wong JG, Sachdev N, Beaumont PE, Chang AA. Visual outcomes follow-
ing vitrectomy and peeling of epiretinal membrane. Clin Exp Ophthalmol.
2005;33(4):373-8.

5. Reibaldi M, Longo A, Avitabile T, Bonfiglio V, Toro MD, Russo A, et al.
Transconjunctival nonvitrectomizing vitreous surgery versus 25-gauge
vitrectomy in patients with epiretinal membrane: a prospective rand-
omized study. Retina. 2015;35(5):873-9.

6. Park DW, Dugel PU, Garda J, Sipperley JO, Thach A, Sneed SR, et al. Macu-
lar pucker removal with and without internal limiting membrane peeling:
pilot study. Ophthalmology. 2003;110(1):62—4.

7. Massin P, Allouch C, Haouchine B, Metge F, Paques M, Tangui L, et al. Opti-
cal coherence tomography of idiopathic macular epiretinal membranes
before and after surgery. Am J Ophthalmol. 2000;130(6):732-9.

8. JainV,Kar D, Natarajan S, Shome D, Mehta H, Mehta H, et al. Phacoemul-
sification and pars plana vitrectomy: a combined procedure. Indian J
Ophthalmol. 2007;55(3):203-6.

9. Treumer F, Bunse A, Rudolf M, Roider J. Pars plana vitrectomy, phaco-
emulsification and intraocular lens implantation. Comparison of clinical
complications in a combined versus two-step surgical approach. Graefes
Arch Clin Exp Ophthalmol. 2006,244(7):808-15.



Jin et al. BMC Ophthalmology

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

(2022) 22:4

Fajgenbaum MAP, Neffendorf JE, Wong RS, Laidlaw DAH, Williamson TH.
Intraoperative and postoperative complications in phacovitrectomy for
epiretinal membrane and macular hole: a clinical audit of 1,000 consecu-
tive eyes. Retina. 2018;38(9):1865-72.

. Sizmaz S, Esen E, Isik P, Cam B, Demircan N. Outcome and complications

of combined phacoemulsification and 23-gauge pars Plana Vitrectomy. J
Ophthalmol. 2019;2019:7918237.

Toda J, Kato S, Oshika T, Sugita G. Posterior capsule opacification after
combined cataract surgery and vitrectomy. J Cataract Refract Surg.
2007;33(1):104-7.

Wensheng L, Wu R, Wang X, Xu M, Sun G, Sun C. Clinical complications of
combined phacoemulsification and vitrectomy for eyes with coexisting
cataract and vitreoretinal diseases. Eur J Ophthalmol. 2009;19(1):37-45.
Gimbel HV, Neuhann T. Development, advantages, and methods of the
continuous circular capsulorhexis technique. J Cataract Refract Surg.
1990;16(1):31-7.

Galand A, van Cauwenberge F, Moosavi J. Posterior capsulorhexis

in adult eyes with intact and clear capsules. J Cataract Refract Surg.
1996;22(4):458-61.

Stifter E, Menapace R, Kriechbaum K, Vock L, Luksch A. Effect of primary
posterior continuous curvilinear capsulorhexis with and without
posterior optic buttonholing on postoperative anterior chamber flare. J
Cataract Refract Surg. 2009;35(3):480-4.

Kumagai K, Ogino N, Shinjo U, Demizu S, Shioya M, Ueda K. Vitreous
opacification after neodymium: YAG posterior capsulotomy. J Cataract
Refract Surg. 1999;25(7):981-4.

Ranta P, Tommila P, Kivela T. Retinal breaks and detachment after
neodymium: YAG laser posterior capsulotomy: five-year incidence in a
prospective cohort. J Cataract Refract Surg. 2004,30(1):58-66.

Steinert RF, Puliafito CA, Kumar SR, Dudak SD, Patel S. Cystoid macular
edema, retinal detachment, and glaucoma after Nd:YAG laser posterior
capsulotomy. Am J Ophthalmol. 1991;112(4):373-80.

Aizawa N, Kunikata H, Abe T, Nakazawa T. Efficacy of combined 25-gauge
microincision vitrectomy, intraocular lens implantation, and posterior
capsulotomy. J Cataract Refract Surg. 2012;38(9):1602-7.

Sato S, Inoue M, Kobayashi S, Watanabe Y, Kadonosono K. Primary
posterior capsulotomy using a 25-gauge vitreous cutter in vitrectomy
combined with cataract surgery. J Cataract Refract Surg. 2010;36(1):2-5.
Shin KS, Park HJ, Jo YJ, Kim JY. Efficacy and safety of primary posterior
capsulotomy in combined phaco-vitrectomy in rhegmatogenous retinal
detachment. PLoS One. 2019;14(3):e0213457.

Govetto A, Lalane RA 3rd, Sarraf D, Figueroa MS, Hubschman JP. Insights
into Epiretinal membranes: presence of ectopic inner Foveal layers and a
new optical coherence tomography staging scheme. Am J Ophthalmol.
2017;175:99-113.

Roh JH, Sohn HJ, Lee DY, Shyn KH, Nam DH. Comparison of posterior
capsular opacification between a combined procedure and a sequential
procedure of pars plana vitrectomy and cataract surgery. Ophthalmo-
logica. 2010;224(1):42-6.

Demetriades AM, Gottsch JD, Thomsen R, Azab A, Stark WJ, Campochiaro
PA, et al. Combined phacoemulsification, intraocular lens implantation,
and vitrectomy for eyes with coexisting cataract and vitreoretinal pathol-
ogy. Am J Ophthalmol. 2003;135(3):291-6.

Hohn F, Kretz F, Pavlidis M. Surgical and functional results of hybrid 25-27-
gauge Vitrectomy combined with coaxial 2.2 mm small incision cataract
surgery. J Ophthalmol. 2016,2016:9186351.

Ursell PG, Dhariwal M, Majirska K, Ender F, Kalson-Ray S, Venerus A, et al.
Three-year incidence of Nd:YAG capsulotomy and posterior capsule
opacification and its relationship to monofocal acrylic IOL biomaterial: a
UK real world evidence study. Eye (Lond). 2018;32(10):1579-89.

Flach AJ. The incidence, pathogenesis and treatment of cystoid

macular edema following cataract surgery. Trans Am Ophthalmol Soc.
1998;96:557-634.

Irvine AR. Cystoid maculopathy. Surv Ophthalmol. 1976;21(1):1-17.

Nishi O, Nishi K, Wada K, Ohmoto Y. Expression of transforming growth
factor (TGF)-alpha, TGF-beta (2) and interleukin 8 messenger RNA in
postsurgical and cultured lens epithelial cells obtained from patients with
senile cataracts. Graefes Arch Clin Exp Ophthalmol. 1999;237(10):806-11.
Frisina R, Pinackatt SJ, Sartore M, Monfardini A, Baldi A, Cesana BM, et al.
Cystoid macular edema after pars plana vitrectomy for idiopathic epireti-
nal membrane. Graefes Arch Clin Exp Ophthalmol. 2015;253(1):47-56.

32.

33.

34.

35.

36.

37.

38.

Page 9 of 9

Silva N, Ferreira A, Marques JH, Ferreira N, Correia N, Pessoa B, et al. Epireti-
nal membrane vitrectomy: outcomes with or without cataract surgery
and a novel prognostic factor for cystoid macular edema. Graefes Arch
Clin Exp Ophthalmol. 2021;259(7):1731-40.

Nishikawa Y, Morishita S, Horie T, Fukumoto M, Sato T, Kida T, et al. A
comparison of sex steroid concentration levels in the vitreous and serum
of patients with vitreoretinal diseases. PLoS One. 2017;12(7):e0180933.
Kelty PJ, Payne JF, Trivedi RH, Kelty J, Bowie EM, Burger BM. Macu-

lar thickness assessment in healthy eyes based on ethnicity using

stratus OCT optical coherence tomography. Invest Ophthalmol Vis Sci.
2008;49(6):2668-72.

Wagner-Schuman M, Dubis AM, Nordgren RN, Lei Y, Odell D, Chiao H,

et al. Race- and sex-related differences in retinal thickness and foveal pit
morphology. Invest Ophthalmol Vis Sci. 2011;52(1):625-34.

Tassignon MJ, De Groot V, Smets RM, Tawab B, Vervecken F. Secondary
closure of posterior continuous curvilinear capsulorhexis. J Cataract
Refract Surg. 1996;22(9):1200-5.

Tassignon MJ, De Groot V, Vervecken F, Van Tenten Y. Secondary closure
of posterior continuous curvilinear capsulorhexis in normal eyes and
eyes at risk for postoperative inflammation. J Cataract Refract Surg.
1998;24(10):1333-8.

Farah ME, Maia M, Rodrigues EB. Dyes in ocular surgery: principles for use
in chromovitrectomy. Am J Ophthalmol. 2009;148(3):332-40.

Lai MM, Williams GA. Anatomical and visual outcomes of idiopathic
macular hole surgery with internal limiting membrane removal using
low-concentration indocyanine green. Retina. 2007;27(4):477-82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Efficacy and safety of primary posterior capsulotomy during phaco-vitrectomy for epiretinal membrane
	Abstract 
	Purpose: 
	Setting: 
	Design: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Design and patients
	Surgical technique and patient grouping
	Patient evaluation
	Outcome measures
	Statistical analysis

	Results
	Postoperative incidence of posterior capsular opacity
	Postoperative complications
	Changes of BCVA and CMT from baseline measures

	Discussion
	References


